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PURPOSE

This report provides documentation on the development of a lake nutrient response
model for Falls of the Neuse Reservoir in North Carolina. The model was developed
to assist with nutrient management strategy development for the Falls Lake watershed.
This report includes information on model inputs, assumptions, and calibration and
validation results.
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Figure VI-3. The model-simulated P&N reduction curve.
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Appendix A. Model Bathymetry Representation
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Appendix B. Model calibration/validation results for water temperature

a. 2005 results (lines — model results; stars — fielthta) :
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b. 2006 results (lines — model results; stars — fielthta) :
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c. 2007 results (lines — model results; stars — fielthta) :
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Appendix C. Model modifications

To meet the requirements and configurations for Falls Lake, the EFDC model was
modified to better represent the system and its forcing conditions. The following lists the

modifications made specifically for Falls Lake Nutrient Response Model:

1. Wave-induced bed shear stress
In the upper portion of the Falls Lake, TSS concentrations were usually very high,
ranging from 10 to above 300 mg/l. Sediment resuspension from the bottom as well as river
input are probably the primary causes. Wave-induced sediment resuspension may be important in
shallow areas. Wave-induced bed shear stress following Lin et al (2003) was added in the model
to simulate sediment resuspension due to wind waves. The formulation was illustrated under
bullet b of section 11-1. The affected model subroutines include SSEDTOX.

2. Time-varying atmospheric deposition

The available information regarding atmospheric deposition of nutrients were assessed by
NC Department of Transportation (NCDOT, 2008). The best representation was reported to be
time-series of wet and dry atmospheric deposition data from NADP and CASTNET (detailed
descriptions under bullet b of section I1-2). Constant depositional fluxes were required from the
original model (WQWETTS.INP, WQDRYTS.INP). Modifications were made in order to allow
for time series input of wet and dry atmospheric depositions. The affected model subroutines
include RWQATM and RWQC1.

3. Moving river boundary
During the summer months of 2005 and 2007, when drought condition occurred, many
upstream cells were marked as dry cells, not allowing flows coming from or going into the cell
when the cell depth fell below a critical value. When such condition occurred at the river
boundary cells in the Falls Lake Model, pollutant delivered into the dry cell will be blocked from
moving downstream. To avoid such blockage, a moving river boundary was built into the model.

An array representing the channel cells from each tributary into the lake was read in from an
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input file (QIUIMV.INP). If the river boundary cell was marked as dry, its corresponding
downstream cells were evaluated one by one until a wet cell was found, and that wet cell served
as the new river boundary cell. The model subroutines affected by this modification include
RWQPSL, CALBAL3, BUDGET3, CALTRWQ, CALLQS2, CALFQC, CALQVS, CALQS2,
CALTRANQ, CALTRANI, CBALEV3, and CBALOD3.

Reference:

Lin, J., H.V. Wang, J.H. Oh, k. Park, S. Kim, J. Shen, and A.Y. Kuo (2003), A new approach to model
sediment resuspension in tidal estuaries, Journal of Coastal Research 19(1): 76-88.

NCDOT Highway Stormwater Program, (2008), Summary of atmospheric deposition data available for
modeling nutrients in the Falls Lake, North Carolina, watershed, Draft Report, May 5, 2008.
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Appendix D. Model Review Response

Draft Falls Lake Model documentation was released to Falls Lake Technical Advisory
Committee (TAC) on March 23, 2009. A complete copy of the model, including model input
files, model code, model executable, model output, and data files, was released to TAC members
who requested it on April 1, 20009.

During the model review period, the North Carolina Department of Transportation (DOT)
contracted with TetraTech to conduct a thorough review of the lake model. DOT submitted their
review comments, together with a report from TetraTech, on May 29, 2009.

In summary, three key recommendations were made by TetraTech:

1. During 2006, rainfall input was based on station “Clay.” Station Clay is not a good
representation of the "wet" year of 2006. Data from "RDU" should be used.

Response:

When modelers from Modeling & TMDL Unit (MTU) of DWQ requested data from the State
Climate Office, RDU station seemed to have more missing data than Clay; therefore, data from
Clay were initially used.

DWQ acknowledges that rainfall recorded at RDU may be a better representation of what
happened in the lake area during 2006. The input file was re-generated based on RDU data and
data from station Reed (Reedy Creek) were used when missing data were reported for RDU.

2. For dry atmospheric deposition, NH4 flux suggested by a multi-layer-model from CASTNET
show much lower values than what the lake model used.

Response:

Literature values from research work at NCSU were originally used for the estimation of
depositional velocity, hence the model input of NH4 atmospheric depositional flux. As suggested
by TetraTech, the dry deposition input file was re-generated for the model (2005-2007) based on
the MLM weekly output from CASTNET.

3. Uncertainty analysis and explicit definition of model goal is needed.
Response:

Discussions were added to the report.

The current draft report reflects model results after the above modifications were made. The
reported model scenario runs are based on the newly modified model.
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